
INTEGRATIVE ACTION OF THE NERVOUS SYSTEM.

REVIEWS,
'THE INTEGRATIVE ACTION OF THE NERVOUS

SYSTEM.
THE important contribution to natural knowledge which
Professor SHERRINGTON, Holt Professor of Physiology in
the University of Liverpool, has published in a volume
entitled The Integrative Action of the Nervous System'
,consists of ten lectures given at Yale College, and con-
-stitutes the second of the series of the Silliman Memorial
Lectures. The first in the series was Electricity and
Matter, by Professor J. J. Thomson, of Cambridge
TUniversity.
English science may feel proud that two men so pre-

eminent were chosen, for both have contributed in their
,respective domains of science-physical and biological-
to the advancement of natural knowledge in a degree
unsurpassed by any of their contemporaries.
This work of Sherrington admirably fulfils the aims and

methods of physiology laid down by the late Sir John
;Burdon-Sanderson, for it exhibits
a definite and well-understood purpose, that purpose being to
acquire an exact knowledge of the chemical and physicalprocesses of animal life, and of the self-acting machinery
Xy which they are regulated for the general good of the
,organism.

These lectures are an abstract of a long series of most
ivaluable researches upon the functions of the nervous
system, and will be of great value to the physiologist, the
-neurologist, and the psychologist, embodying, as they do,
researches bearing upon all these branches of biological
science, and illustrating in a demonstrative manner that
a simple reflex is the first term of a series of which the
amost complex volition, involving deliberation and judge-
ment, is the last.
The study of neural action, as the author shows, can

-only be accomplished by successive passages from the
-simple to the complex, and that, underlying all these
-reflex actions, whether simple or complex, are the two
iandamental principles of biological evolution, adaptation
to environment and natural selection, as shown by the
fact that all neural action has at its root the preservation
of the individual and the preservation- of the species.
The study of reflex action, therefore, includes not merely
the how, but the why and the wherefore.
This work, if it only contained Professor Sherrington's

own researches, would be of itself a most illuminating
-etudy, but, besides being an abstract of his own work, it is
a brief chronicle of the work of others to whom the author
refers with studious care and respect. Where he differs,
polemical discussion is avoided. One is particularly
-etruck by the vast labour and accurate knowledge shown
-in his references to the work of others, embracing as it
does a bibliography of 314 publications. To include such
a vast amount of material in such a small space neces-
sarily involves very close writing, and each paragraph and
sometimes each sentence will require careful reflection on
the part of the reader.
The lectures deal with a comparatively new subject,

and, to be concise and scientifically accurate, the author
has found it necessary to introduce many new terms,
which add considerably to the difficulties of reading the
book, except by the light of expert knowledge.
The author in an introductory chapter points out that

,the physiology qf nervous reactions can be studied from
three main poi%nls of view. Nerve cells, like all other cells
-in the body, lead individual lives, and problems of nutri-
eion affect each nerve cell, therefore the nervous system
as a whole.
The special functions of nerve cells is "to spatially

transmit states of excitement " (nervous impulses
generated in them). The field of study of nerve cell
conduction is coextensive with the existence of nerve cells
and enters into every question regarding the specific
'reactions of the nervous system.
A third function of the nervous system is integration,

"which works through living lines of stationary cells,
-along which it dispatches waves of physico-chemical dis-
turbance, and these act as releasing forces in distant
organs where they finally impinge."

1The Integrative Action of the Nervous System. By Charles S'-Sherrington, D Sc., M.D., Hon. LL.D.Tor.. F.R.S. London: ArchibaldConstable and Cs., Limited. 1906. (Pp. 423. 16s. net.)
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WVhat is understood by the term " reflex action"? It is
brought about by stimulus, which is some change in the
environment, which acts on the organism as an exciting
agent. The energy imparted to the organism by the
stimulus is usually far less than the energy liberated by
the organism itself. This excess of energy must be re-
ferred to potential energy generated in the organism
itself. The conception of a reflex action implies three
separate structures: (1) a receptor or initiating organ,
(2) a conductor, and (3) an effector.
Every reflex is an integrative action, and no nervous

action short of a reflex is a complete act of integration. A
simple reflex is probably a purely abstract- conception,
because all parts of the nervous system are connected to-
gether. It is, however, a convenient, if not a probable,
fiction.

Sherrington further points out that co-ordination is the
orderly coadjustment and sequence of reflex reactions,
and absence of these is inco-ordination.
In the simple reflex, receptor, conductor, and effector,

each plays its part, and Sherrington gives a number of
facts and experiments which show that adaptation of the
organism to environment for the preservation of the indi-
vidual and the species has evolved a reflex mechanism
for each of which some particular kind of stimulus is
appropriate. The receptor, by virtue of special structure,
acquires selective excitability, and plays a very important
part in nervous reactions; for, while providing increase of
responsiveness to changes of environment, at the same
time it limits its excitability to particular stimuli, which
give rise to particular reactions, and thus tend to prevent
confusion of reflex responses and inco-ordination. We
shall later give some striking experimental examples
demonstrating these points.
The author next discusses conduction in the reflex arc,

and naturally with this the question of the neurone
doctrine. He is evidently a believer in it for the higher
animals, as he expresses himself in terms which show
that he desires to avoid the prefix " con" as applied to
systems of neurones; for example, he writes, "the field of
nexus between neurone and neurone." Again, he speaks
of " a surface of separation between neurone and neuone,"
which he terms a " synapse." If the chain of neurones,
which we know are trophically independent, are linked
together by a fibrillary continuum, such as occurs in the
lower forms of animal life-for example, medusa-then
certain conditions of conduction would exist through
these chains of neurones akin to conduction in nerve fibres.
The characteristic differences between conduction in reflex
arcs and nerve trunks respectively, as defined by the
author, are (1) Slower speed as measured by the latent
period between application of stimulus and appearance
of end-effect, this difference being greater for weak stimuli
than for strong. (2) Less close correspondence between
the moment of cessation of stimulus and the moment
of cessation of end-effect-that is, there is a marked
after-discharge. (3) Less close correspondence be-
tween rhythm of stimulus and rhythm of end-effect.
(4) Less close correspondence between the grading of the
intensity of the stimulus and the grading of the intensity
of the end-effect. (5) Considerable resistance to passage
of a single nerve impulse, but a resistance easily forced
by a succession of impulses-temporal summation.
(6) Irreversibility of direction instead of reversibility
as in nerve trunks. (7) Fatiguability in contrast with
the comparative infatiguability of nerve trunks. (8) Much
greater variability of the threshold value of stimulus than
in nerve trunks. (9) Refractory period, "Bahnung," in-
hibition and shock in degrees unknown for nerve trunks.
(10) Much greater dependence on blood circulation
oxygen. (11) Much greater susceptibility to various
drugs-anaesthetics.
These differences are referable to the grey matter,

which consists of neuroglia and neurones; they cannot
depend upon the former, which has nothing to do with
conduction.

lt is hardly justifiable to suppose that conduction along
nerve fibres assumes in the grey matter characters
different from those it possesses elsewhere, and there is
evidence to show that the nerve-cell branches, dendrons,
axons, and collaterals are histologically continuous with
the nerve fibres outside; without going into further
details, Sherrington argues strongly in favour of a surface
of separation between neurone and neurone, and he points
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out how the existence of such a surface 'could plrsically
or chemically explain the facts above related; he inclines
to the physicil explanation : Thus the intercalation of
a transverse surface of separation into the conductor must
modify the conduction, and it would do so with results
just such as we find differentiating reflex arc conduction
from nerve-trunk conduction. Moreover, the vertebrate
histology furnishes on the whole evidence that a surface
of separation does exist between neurone and neurone,

an I the evidence of Wallerian secondary degeneration
and pathological processes, causing system degeneration,
are strong arguments in favour of an intercellular or
interneuronic conduction as distinct from intracellular
or intraneuronic; and the characters distinguishing reflex
arc c)nduction from nerve-trunk conduction are largely
due to this interneuronic conduction. The convenient
term of "synapse" has been applied to this alterable
conductor, upon which so much of the functions of the
central nervous
system depends,
and the study of

0

which will pro-
bably prove to be
the key to un-

lock the mys- 7

terious problems
of neuroses and
psychoses and
so - called func- 17
tional diseases of 1
the nervous sys- 21$

tem which have
received no ade-
quate explana-
tion hitherto by
the histological
studies of such
diseases. The
works of Sher-
rington and
Pawlow on the
reflexes-especi-
ally those re-
filexes which he
terms " condi- _ _ -__
tion reflexes "-
are therefore of
fundamental im- S a S1
portance in the
science of medi-
cine and in psy- PM

ch ology.
The synapse,

as we have said, \ 2w--/ \
shows a v a r i a-
bility under dif-
ferent conditions
of conductivity, B"

and a resistance Fig. 13 (p. 46)-A, the receptive field," as r

to the passage of sihaped area of,dorsal skin, whence the scra
impulses, which il marks the position of te lNst rib. B, diag
She r ring ton or afferent nerve path from the left foot;

sa. tp, receptive uerve paths from hairs in
terms the 're- commiion path, in tllis case the motor neurone
fractory phase," spinal neurones.

the importance of which in purposive reflex mechanisms
cannot be overestimated. It may be defined as the
period of time during which stimuli adequate to produce
contraction cease to pass. A beautiful example of this
refractory phase is afforded by the rhythmical contraction
and relaxation of the swimming-bell of the medusa, and
the beating of the heart.
The scratch reflex of the dog, which by Sherrington's

experiments has proved to be so illuminating, must exhibit
two converse phases of contraction and relaxation in one

group of flexor muscles; consequently, the muscle groups

or their reflex arcs must show phases of refractory state
duriug which stimuli cannot excite, alternating with
phases in which such stimuili easily excite. The swimming-
bell of the medusa is only capable of one type of reflex,
and the reflex mechanism of sensory receptor, neuro-

fibrillary conductor, and muscular effector is accordingly of
quite simple construction. The nervous apparatus is a

neuro-fibrillary continuum in which the current can pass

in all directions, as shown by Romanes; but the hind limb

rei
at

et

of the dog is a complex sensory motor mechanism capable of
effecting many different purposive reflex actions necessary
for the preservation of the individual and the species-for
example, to scratch, to walk, to run, to gallop, to squat in
defaecation, to abduct or flex in micturition, etc. How-
ever, the same muscles enter into the effector and are
innervated directly by the same spinal motor neurones,
which accordingly form afinal common path for a number of
such reflexes. But these activities would be liable to.
confusion were it not for the special selective possibilities
of receptors and the integrative co-ordinate adaptatioD
necessary to fulfil a purposive action in response to aL
particular stimulus. Thus the character of the reflex
evoked depends upon the location of the stimulus, its'
quality and intensity, and to a limited extent on its.
duration. Sherrington's experiments, which will now be
given, show that the characters of a reflex may-as in
the medusa and the beating heart-depend upon condi-

tions of refrac-
tory phase. But
they show more-
they locate, in
the grey matter,

,171921-232Z5 the seat of the
refractory phase'
and the path by
which the ter-
minals of the
afferent neurones
of the reflex are

Ire * are associated
with distant
effector neurones,
which form the
final common
path for other
reflexes.
The experi-

ments are aso
f ollows: The
spinal cord of a

KRS dog is transecte&
in the neck
region; the
scratch or scalp-

2L tor reflex in a.
few months' time
becomes very
easily elicited by,
appropriate sti-
mulation in a
certain defined
large saddle-
sbaped area of
skin indicated in
the subjoinec
figure (Fig. 13, A).
It is interesting

,vealed after low cervical transection, a saddle- to note that the
tch reflex of the left hind limb can be evoked, quality of the
am of the spinal arcs involved. 1, Receptive stimulus which
receptive nerve path from the opposite foot; may be applied
he dorsal skin of the left side; Fc,the final
to a flexor muscle of the hip; Pa, P8, proprio- to evoke the-

rhythmic alter-
nate flexion and extension at hip, knee, and ankle, occur-
ring atea frequency of about four times a second, is just such
as would be produced by a flea biting or moving on the skin
between the hairs, for Sherrington observes that the stimuli
provocative of it are mechanical, such as tickling the skin
or pulling lightly on the hairs. An electrical stimulus is,
most convenient for experimental purposes, but it must be
applied in such a way as to stimujate the receptive nerve!
endings which lie in the surface of the skin about the
hairs. Consequently he adopted the following method
of obtaining the appropriate stimulus to call forth the
reflex. A broad flat electrode is placed on any part of the
body surface outside the saddle-shaped receptive area,
indicated in the figure; the other electrode consists of a
fine gilt entomological pin so lightly inserted under the
skin that its point lies among the hair bulbs. If,
however, it be pushed deeper, other reflexes may be
produced and the scratch reflex inhibited. Clearly, then,
the specialized reeeptor for this reflex is the superficial
skin and the hair bulbs with their nerve endings.
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Many graphic records are given demonstrating the fact
that the succession of brief flexor contractions succeed
,one another at a rate the frequency of which is indepen-
-dent of that of the stimulation. Under a number of
.varied methods of stimulation-for example, a heat beam,
.eonstant current, double aind single induction, shocks,
high-frequency currents, and mechanical stimuli-the
rhythm (four per second) of the flexor, response remains
the same so long as the internal conditions of the reflex
arc remain unaltered (Fig. 14).
And the reflex maintains the same rhythm under the

strongest stimuli as under the weak-these experiments
'show the existence of a selective receptor in the area
indicated, which transmits stimuli through the posterior
coots of the spinal cord between sa and s,3, but the motor
spinal neurones which respond to the stimulus are situated
en the anterior horn of the spinal cord far behind the
region of grey matter into which the exciting impulses
pass. Consequently
there must be a
-onnecting link be-
tween the grey
matter at the two
levels (vide B, Fig.
13). The scratch
reflex is in a sense
unilateral- stimu-
lation of the left
'houlder evokes the_
scratching action
by the left leg; if
'the cord of thel
spinal dog (animal l
'ion which the cord
~hasbeenpreviously /
transected in the * /
-cervical region) be
'semisected in the
thoracic region so l P

receptorlavindtaclt -k

-only the right

lateral column, the

-scratch -reflex canI

no lonerme eide

'cited by a stimu-
lation of the left i
-shoulder, whereasd
'it can by stimula-
tion of the right
'shoulder. The
path of connexion,
'therefore, between
receptor and
-effector lies in the t
lateral column ofa -
'the same side.
Sherrington speaks.
of this as a proprio- Fig. 14 (p. 47).-Tracing of the flexion of the hi
'spinal path. He A the reflex is evoked by light y rubbingtheC by unipolar faradization with weak doubldemonstrates i#ts skin through a needle point lightly inser
-existence histo- seconds below. At the top in B and C ai
-logicayby athe fol- shocks delivered, and at the bottom an el
'lowing experiment:o sp ldlating
.- transection of the spinal cord of the dog is made between
the second and third thoracic segments, then there ensues
a degeneration of all the fibresj that enter the cord from
the brain and the grey matter of the spinal cord above the
lesion. If the dog be allowed to live a year, all the pro-
'ducts of degeneration will have completely disappeared,
and "1a clean slate " below the lesion exists, on which a
-new degeneration can be writtein. If, then, another trans-
'ection be made between the fifth and sixth thoracic seg-
ments, the proprio-spinal descending fibres which have
-their cells of origin in the grey matter of the spinal cord
between the first and second lesions that is, in the third
and fourth thoracic segments-degenerate and can be
easily demonstrated by the Marchi method.
As shown by the heavy degeneration, these proprio-

spinal fibres are very numerous and can be traced from
the shoulder segments to the hind-limb segments. We
have then by this method of successive degeneration,
clearly indicated, that the afferent neurones of the shoulder
region are linked up with efferent neurones of the hind-
limb lumbo-sacral region, which neurones form a final

lp
e
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common path to many reflexes of the hind limb. The
refractory phase, which we have seen, is an eseential con-
dition for the scratch reflex, has its site in the central grey
matter; it is a state of inhibition or rhythmical absence
of passage of stimulus from afferent terminals to efferent
discharge. It must be dependent upon alternate phases
of conduction and non-conduction by this proprio-spinal
path.
A very interesting comparison is made by the stud-y of

the extensor thrust or stepping reflex; this is elicited by
mechanical stimuli applied to the plantar surface of the
foot, and the response is followed by a relatively long
refractory phase; it forms thus an important reflex
mechanism of locomotion, providing much of the pro-
pulsive power; its repetition is required only at intervals
considerably longer than the duration of the thrust itself,
for after the thrust of the foot against the ground the
limb has to execute a series of movements without touch-

ing the ground, in
preparation for the
next step, and this
occupies a longer
time than the
thrust. It is
reasonable to sup-

11111 _ I!Ipose that part of
the means by
which selective
adaptation has se-
cured this result is
the evolution of
the long refractory
phase following the
activity in the
reflex arc of the
extensox thrust.
OOnerefiex siems

t*'t be prelutded
from acting on the

:|11|1111 1Al_ *' motornaeurones,of
'II I USIIIUItI}itiithe final commoxi

- js11111111|111 wPahi when another
and a, diiT'erent' re-

flxis' emp'loying it.
T.i~ i1s the result

~.of a- process, of -in-
fjbition, the seat of

1.lies neith r
~nQthe fferent neui-
rone-.proper, nor, in
theefferentneuroi.e
proper, l?ut in an

__i:'u-m m.. iaternuncial. - e-
chanism, synapse
or neurone,betwegn
them.

l1'C There may be
in the "scratch reflex" of a "spinal dog. In antagonism be-
skin at a point behind the shouldei, in B and tween reflexes em-
induction shocks applied to the same point of
ed among the lhair roots. Time marked in ploying the same
electric signal marks the double-induction final common path,

ctric signal marks the time of application of and competition,

as it were, between
the excitatory stimulus used for the one reflex and
the excitatory stimulus for the other. Thus, if while
stimulation of the skin of the shoulder is evoking the
scratch reflex the skin of the hind foot of the same side is
appropriately stimulated, then a protective flexor-with-
drawal reflex displaces the scitch reflex and instead of
alternate contraction and relaxation of the flexors the foot
is drawn up by steady and maintained contraction of the
flexors of the ankle, knee, and hip. Graphic records are
given to illustrate these and many other facts concerning
reflex interference.
Lecture V dealso with compound reflexes and simul-

taneous combination. A very interesting part of it is
where Sherrington has shown that his experience in
the mammal is far from being in accordance with the four
laws laid down by Pfluiger and so widely accepted, as regards
the course of irradiation in long spinal reflexes. The
author thinks that in the majority of instances irradiation
is spread more easily down than up the cord; it is easy
to obtain reflex movements of the limbs and tail by
excitation of the skin of the pinna, whereas the reverse



570 Txu BJmou 1
MEDIC JOUKXA| INTEGRATIVE ACTION OF THE NERVOUS SYSTEM. [MARCH 9, 907.

is rare. He cites a number of other instances, and
finally says: "It seems here less profitable to attempt
to adopt these so-called laws of reflex irradiation
than to briefly describe the salient features of the
long spinal reflexes as exhibited in an ordinary experi-
ment on the spinal mammal." In the reflex figure-
that is, when a decerebrate animal is suspended
with its spine horizontal and its limbs pendent-
the observer can note ten areas whence bulbar spinal
reflexes employing skeletal muscles can be obtained with
facility. These areas are the soles, the palms, the
pinnae, the mouth, the snout, the tail, and cloacal region.
Stimulation of any one of these areas causes a particular

a b

Fig. 47 (p. 164).-a, Position of animal after transection at
calamus scriptorius; b, position under decerebrate rigidity;
c, change of attitude from b evoked by stimulation of left pinna,

attitude, a reflex figure, to be struck. The accompanying
diagrams show three of these reflex figures. These figures
indicate a purposive action of withdrawal of the part stimu-
lated combined with the attitude of running away (Figs. 47
and 48).
The stimulus affects only one small part of the skin,

and the inflow of stimulus into the grey matter of two
or three segments of the spinal cord nevertheless pro-
duces alterations in the innervation currents flowing to all
the muscles of the head, trunk, and limbs, causing inhibi-
tion along certain tracts of neurones and impulsion along
others. Here, then, exists an integrative action, which
must depend upon proprio-spinal neurones linking up the
grey matter of all the segments of the spinal cord, and
bringing about a co-
ordinate reflex action.
The position of the

limbs in the suspended
animal where decere- a' ell
brate rigidity has been '
produced is that of
slight active extension A
such as would exist if
the animal stood on the -----t
ground. The muscular
tonus exerted against
the force of gravitation
is in part due to im-
pulses descending the
cord mainly of laby- Fig. 56 (p. 201).-Diagram to illustrate
rinthine origin ; and muscles (W.
any attitude which is assumed by the decerebrate animal
as a result of stimulus applied tends to remain-that is
to say, a cataleptoid condition is produced. Sherrington
has shown, however, that if in such an animal the pos-
terior roots supplying a limb be. cut, the tonus in it
is immediately lost; presumably, therefore, the labyrin-
thine impulses tend to reinforce and maintain the dis-
charge of innervation currents along established lines of
least resistance in the spinal reflex arcs, especially those
'concerned with gait and station.

In Lecture VI the author discusses many interesting
problems concerning compound reflexes and successive
combinations-among others, the role and nature of in-
hibition; and he gives the different views of the nature of

inhibition of Rosenthal, Wu'tdt, Gaskell, Verworn, and
Macdonald. He remarks that alternating reflexes-for
example, the stepping reflex-exhibit alternately excita-
tion and inhibition in the flexor neurones, while
synchronously with tbat, inhibition and excitation alter-
nately ensue in the extensor neurones, and these alter-
nating reflexes form an excellent field for the study of the
reciprocal innervation of antagonistic muscles.
MacDougall has hypothecated a drainage theory as the

outcome of the study of the behaviour of visual images,
and has applied it more specifically to the case of re-
ciprocal innervation of muscles; the subjoined figure
helps to explain the theory. " Let us imagine each arc in

a b C

Fig. 48 (p. 165).-a, Position under decerebrate rigidity-
b, change of attitude from a evoked by stimulation oi
left fore foot; c. change of attitude from a evoked by
stimulation of left hind foot.

a simple schematic form as a chain of three neurones
afferent (a'), central (a2), efferent (a3), to the group of
flexors, and afferent (bl), central (b2), efferent (b3), to the
group of extensors. When a stimulus is applied to a', it
generates neuro-potential rapidly,* so that it becomes
very rapidly charged and the resistance of the synapse
between a' and a2 is lowered until a series of discharges
takes place from a' to a2, and again from a2 to a3; but
a2 is connected with b3 as well as with a3, and ba with
as as well as with 19. Before the stimulus was applied,
the two muscles were in a state of tonic equilibrium,
brought about by a steady flow of innervation currents
through the reflex arcs; but the stimulus to a' so raises
the generation of neuro-potential at the synapse between

a2 and a3, and conse-
quently between b1 and

LCEXOR a3, that the resistance
a3 . through this synapse is

so lowered that there
is a drainage through

5_ S from 19 to a', and the
tone of the muscle
group supplied by b2 bM
is proportionally

/haX,-NSOP lowered, and relaxation
occurs." (Vide text.)

Sherrington remarks
in reference to this inc.
genious theory that it

reciprocal innervation of antagonistic fits in with many facts;
against its acceptance

he urges that it seems to sever central nervous inhibi-
tion from other forms of peripheral inhibition in the
heart, blood vessels, and viscera, and he inclines to the
view that all forms of inhibition are of the same nature.
An important and interesting subject is that of spinal

shock. The author finds that in the monkey, as in man,
spinal shock is not only peculiarly intense, but particularly
long and lasting; thus he confirms experimentally Bastian's
observation of absence of the knee-jerk in crushof the spinal
cord. Whereas in the rabbit, section of the spinal cord
in the mid-thoracic region seldom abolishes the knee-
-* MacDougall's term is neurin. This term is, however, already
applied to a toxic substance which may under certain conditions
arise from nerve degeneration.
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jerk for more than ten minutes to a quarter of an hour,
the same lesion in the monkey is followed by the knee-
jerk being ometimes abolished for quite a month. This
seems to show that In the higher animals the great
erebral senses in the higher tnpes actuate more than in
the lower the motor organs and impel the movements of
the individual.
From experiments with Woodworth, Sherirngton con-

,cludes: (1) That the lateral column furnishes the headward
path in the spinal cord for noci-ceptive (painful) arcs;
(2) that each lateral column conveys such impulses from
both lateral halves of the body, and somewhat prepon-
derantly those from the crossed half; and (3) that this is
true for these arcs whether they be traced from skin,
cnuscles, or viscera.

Decerebrate cats and dogs and infant monstrosities with
total absence of the cerebrum and mid-brain react to
painful stimuli; and the author believes that pain centres
lie lower than pleasure centres, possibly in the thalamic
region. No region of the cortex has been assigned to
pain.
We have not the space here to deal with the learned

and interesting discussion of the views of James, Lange,
and Sergi concerning the emotions. These authors have
this in common-that the psychical process of emotion
is secondary to discharge of nervous impulses into the
vascular and visceral organs of the tody, suddenly
excited by certain particular stimuli, and that it-
emotion-depends upon the reaction of those organs.

Sherrington has put their theories to an experimental
test on the dog. By appropriate spinal and vagal tran-
section all sensations from the viscera, including the
circulatory apparatus, and all of the skin and muscles
behind the shoulders were completely and immediately
cut off from the sensorium. The animal's anger, joy, or
disgust, and when provocation arose, fear, remained as
evident as before in all those parts which still remained
under the control of the brain. Thus it snarled, growled,
showed its teeth; moreover, it exhibited evidence of
pleasure when its attendant came to it.
A striking test, upon which Sherrington lays consider-

able stress, is the animal's disgust and refusal under any
eircumstances to eat dog flesh; this occurred in one
animal only 9 weeks old,and he considers that the disgut
for the dog's flesh could hardly arise from its own past
experience in the kennel; he thus attempts to confute the
hypothesis that the emotion thus generat d had resulted
from representative after-effects of previous association of
visceral and cerebral activities. We have, however, to
remember that in the long prooession of ages an in-
stinctive inborn repulsion of " dog eating dog " may have
boen fast graved into the whole associative neural
rnechanism of viscera and brain.

Lecture VII[ is of especial interest, because it deals
with the reactions of the motor cortex. It is unnecessary
here to relate the well-known experiments of Sherrington
and Griunbaum concerning the functional topography of
the motor cortex in the anthropoid apes; nor to point out
their important application to human cerebral localiza-
tion. In this part of the work the author also describes
his well-known experiments on inhibition, as first demon-
strated in the eye muscles; also the experiments which
he conducted with Hering on antagonistic muscles of the
limbs. Moreover, he has more recently shown that inhibi-
tory results obtainable from stimulation of the internal
capsule were as striking as those obtained from the cortex
itself. It is therefore probable that the inhibition
elicitable from the cortex cerebri is not in these cases
chiefly or at all due to interaction of cortical neurones one
with another.
The fact that it is much easier to get flexor movements

from cortical stimulation than extensor movements, does
not mean that this cortex is in touch with the flexors
alone, and not with the extensors; it means that the usual
effect of the cortex on these latter is inhibition. It does not
mean that the extensors and the jaw-closers are unrepre-
sented cortically, but that their normal representation in
the cortex under the ordinary conditions of experiment
has the form of inhibition, not of excitation; and this,
unless specially sought. escapes observation.
After administration of strychnine or tetanus toxin ex-

tension of the knee can be regularly excited from the
cortex and from the very points of it that yielded flexion
previously. Similarly when the face area of the monkey's

cortex is tested by faradization after exhibition of stryh-
nine,, the pointa of rfa e that previo yieded
regularly the free opening of the jaw, yield strong
of the jaw instead.
There is here much valuable and interesting new

work on thi suboject of special importance to the
physiologist and the neurologist; but to all medical
men certain practical applications of these experiments
will especially appeal, for they give an insight into at least
a part of the essential nature of the condition brought
about by tetanus and strychnine poisoning. "These
disorders work havoc with the co-ordinating mechan-
isms of the central nervous system, because in regad to
certain groups of m lature, they enange their reciprocal
inhibitions normally aqsured by the central. nervous
mechanisms into excitations; the sufferer is subjected
to a disorder of co-ordination which, though ;ot neces-
sarily of itself accompanied by physical pain, inflicts
on the mind which* still remains clear a disability
inexpressibly distressing. Each attempt to execute
certain muular acts of vital importance, such as
the taking of food, is defeated because from the attempt
results an act exactly the. opposite to that in-
tended. The endeavour to epen the jaw to take food
or drink induces closure of the jaw, because the normal
inhibition of the stronger sets of muscles, the closing
muscles, is by the agent converted into excitation of
them." Sherrington considers that the virus of rabies
may similarly upset reciprocal innervation, though its
field of operation, at least in man, does not lie in the
same group of mechanisms. Sherrington does not con-
sider that these results are due to the action of these
agents on the cortex itself, and he gives reasons and
experiments showing that the poison acts on the lower
centres, spinal and bulbar.
In Lecture IX the author sums up the physiologial

position and dominance of the brain, and he puts together
in a new light some of the considerations in the previous
part of the book, and the study of this chapter will give
the reader a general conception of the neural archi-
tecture of an animal as a whole, though mainly as a
motor mechanism.
The last lecture (X) deals with sensueal fusion, and

nervous integration in relation to bodily movement and
sensation is compared. The author in this chapter gives
a description of his important and interesting experi-
ments relating to sensual fusion in binocular vision.
These experiments are remarkably ingenious and note-
worthy, for their scientific accuracy; they show the
incorrectness of the generally-accepted views, held since
the time of Newton. of sensual fusion by community of
nerve structure, which has recently been elaborated by
Cajal, who has explained binocular vision by hypothe-
cated isodynamic cells in the visual cortex, which
receive sensory visual impressions from the corresponding
points of the two retinae.
Now, Sherrington's experiments conclusively prove that

thib is not so; it is impossible to describe adequately in a
review the apparatus. The rotating lantern used is, how-
ever, constructed for the binocular regard of discoid
patches of moderate, even, and uncoloured brightness,
small enough to lie wholly on the central area of each
retina. These discoid patches of light by an ingenious
arrangement could be made to flicker (that is alternate
phases of brightness and darkness) simultaneously, so
that the brightand the dark phases coincide, oralternately,
in such a way that the bright phases in one eye
corresponded with the dark phases in the other eye; the
broad outcome of the observations is that when the bright
phases coincide the brightness Is not appreciablyincreased,
and so far from bright phases at one eye effacing dark
phases at the corresponding spot of the other eye, there is
hardly a trace of any such interference. Thus, the effect
does not accord with the effect which would be produced
by doubling the light brightness on one retina. which
would be in accordance with Talbot's law. The two
corresponding points are therefore in this respect not
integrated to a single retinal surface, and Sherrington
explains binocular perception as a psychical synthesis
of right and left uniocular sensations independently
elaborated. His views with regard to the semidecusa-
tion of the optic tracts in the higher animals is of
considerable interest: he considers that the confluence
of conductors from the two retinae to the same oortical
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field, though not uniting their retinal impressions, gives
them access to a common efferent path which both
must use. The bilateral single sensory image, which
lies in the median sagittal plane of the head, is
the sensory directive agent for a common motor
efferent path of associated eye musles, right external
rectus with the left internal rectus and tue converse.
This accords with the fact that in animals with an over-
lapping visual field the horizontal movement of the eyes
to one side should for both eyeballs be represented
in one and the same hemisphere. A very wise suggestion
of the author is made in this lecture: it is that.physiology
and psychology, instead of prosecuting their studies as
some now recommend more strictly apart from one
another, should each profit by repiprocal instruction.

This work of Sherrington is a striking example of the
clear and accurate experimental observer illuminating by
his researches the complex problems of mental processes
by observations on the simpler nervous mechanisms
which lead to the integration of the whole nervous system.
Another notable instance of a physiologist illuminating
the problems of psychology is Pawlow. He, ihi the
Huxley Lecture on the recent advances in science and
their bearing on medicine and surgery, relates how there
was in his laboratory a.young medical man who under-
stood the joys and the triumph of the spirit of research,
who nevertheless manifested great displeasure and
prophesied failure in every direction when Pawlow was
making arrangements for his remarkable investigations
on the psychical processes in the dog, as shown by his
novel experiments on the condition reflexes. This has
been the attitude in which many students of psychology
have regarded the teachings of physiology; but a new
era is now forthcoming, in which the application of
the simpler psychical processes, correlated with thesimpler
stucture and the evolution of the same, to the more com-
plex, as studied by biologists in the wide acceptation of
the term, will, in conjunction with the introspective
method of the philosopher, serve to throw iight upon the
most complex mechanism of the universe-the brain as
an organ of mind.

F. W. MOTT.

NOTES ON BOOKS.
-TheH-ealth of Our Children in the Colonies,1 written by Dr.
LILIAN AUSTIN RoBINsON. is a sensible little book which
may be confidently placed in the hands of mothers with
the assurance that they will have little or nothing to un-
learn. Dr. Robinson resides in Natal, and the book is
perhaps better adapted to the needs of persons residing in
a temperate or subtropical country than to those whose lot
takes them within the tropics. The book is commendably
free from technicalities, and as the second edition issued
recently is provided with an index, the work is likely to
be very useful in places where medical advice cannot be
speedily obtained.

Mir. EDMUND OWEEN has reprinted in a pamphlet his
suggestive Bradshaw Lecture on Cancer. its Treatment by
Modern Methods,2 which was published in full in the
BRITISH MEDICAL JOURNAL of December 15th, 1906. We
have so recently had an opportunity of commenting upon
the lecture that we may be excused any formal review, but
we have no doubt that many readers will be glad to possess
the lecture in a separate form.

The Public Schools Year Book" is the eighteenth annual
volume of a publication which will commend itself to
those who have boys approaching the age when they must
be sent to a secondary school. The first section of the
book contains an alphabetical list of schools, then follow
special articles on naval cadetships, army entrance exami-
nations, and notes upon preparation for the professions,
including an article on the medical profession, with a list
"Te Health of Our Children in the Colonies. By Dr. Lilian Austin

Robinson. Second edition. London: Longmans, Green and Co.
1906. (Crown 8vo, pp. 220. 2. 6d.)

2 Cancer. its Treatment by Modern Methods. Being the Bradshaw Lee-
ture for 1906. Delivered before the Royal College of Surgeons of
England. December 12th, 1906. By Edmund Owen. Honorary
LL.D.Aberd. London: Baillibre, Tindall, and Cox. 1907. (IemyBro. DP. 31: is .)

a The Pblifc .Sehoois Year Book. Eighteenth year of publication, 1907.
Wrotunded bvY tiree publie school men. London: Swan Sounenscheinand Co., Ltd. (Cr. 8vo, pp 659. 3s. 6d.)

of medical scholarships. The editors have not interpreted
the popular phrase "public school" in any contracted
sense, and the compilation will therefore be found useful.
by fathers of very different length of purse.

The CAemist's Annual, 1907, edited by Mr. J. HuNIPHRICY,
is published at the Pharmaceutical Journal office, and the
price is 7s. 6d. In addition to brank diary pages and a
good deal of information of use specially to chemists, it
contains a dictionary of new and old remedies, which will
be of use to the prescriber as well as the chemist, for in
addition to notes upon solubility, compatibility, etc., it,
gives trade-protected names for proprietary preparations,
and a note referring to their chemical equivalents.

The papers published by workers in the Bender Hygienic
Laboratory, Albany, N.Y.,durinig 1906, have been reprinted
in a volume which will be valuable for reference. The
papera are concerned to a large extent with experimental
pathology, and leeswith bacteriology than might have been
expected from the title of the laboratory. A curious and
unusual case is that of tuberculosis of an adenomyoma of
the uterus occurring in a phthisical patient.
The Gardeninq Year Book,5 issued at the Gardeners'

Mayazine office by the editor of that periodical, contains a.
series of short notes on garden work during each month in
the year, an illustrated and classified list of the new garden
plants and flowers of 1906, and notes on seeds and seedlings,
on vegetable growing, on common insect pests, and other
similar subjects. We may add that the (iardeners' Maga-a
zine,6 which was established some seventy years ago, hIas.
recently been improved in its get-up. The first issue of
the new series-that of March 2nd-is printed on art paper,
and contains much of seasonablt interest for lovers of the
garden.

4 Studies from the Bender Hygienic Laboratory, Albany, N. Y. Vol. iii,
1906. Albany, N.Y.: Fort Orange Press. (Med. 8vo, pp. 188.)

5 The Gardening Year Book and Garden Oracle, 1907. By G. Gordon.
V.M.H. Forty-ninth year of publication. London: The Gardeeners
Magazine Office. (Cr. vo, pp. 279. Is.)

6 The Gardeners' Magazine. 2d.

MEDICAL AND SURGICAL APPLIANCES.
An Improved Gag.

JOHN WARD COUSINS, P.R.C.S., M.D.Lond., Senior
Surgeon of the Royal Portsmouth Hospital and of the
South Hants Eye and Ear Infirmary, writes: GL;ags form a
class of instruments which require careful adjustment
and are made in all sorts of shapes and sizes; but I do.
not know of any gag which is sufficient for every purpose
and can be easily adapted to every mouth. The instru-
ment illustrated is very convenient and simple, but I do.
not claim that its qualities render it superior to every
other device of the kind. It has, however, in my hands,
proved very serviceable in staphylorrhaphy, and also iD
many surgical operations on the mouth, pharynx, and
tongue. In the BRITISH MEDICAL JOUIRNAL of February,
1888, I ventured to suggest a gag in which the bars were,
expanded by a strong spiral spring and fitted with a rack

and screw adjust-
ment. It was espe-
cially designed for
minor operations.
and also for dental
surgery. The im-
proved gag which
I now propose con-
sists of only one
strong stem sur-
rounded by a
central spring -simi--
lar to the instru-

_ME ment introduced
by Mr. Annandale

some time since and recently modified by Mr. Arbuthnot
Lane. The upper bar slides over a round stem and is
attached to the end of the spring; the lower bar is fixed,
and both of them are furnished with projecting finger-
plates so as to facilitate rapid adjustment and removal.
When introduced into the mouth the dental surfaces are'
expanded by the spring, which is at once compreseed and
jammed on the stem by the tilting of the bar. The gag
can then be securely fixed in any position by a steel lever
fitted with a series of notches for receiving a tooth attached
to the upper bar. The dental plates can be introduced
into the mouth with or without an indiarubber cover,
ac-cording to the condition of the gums and teeth. Messrs.
Arnold have made for me a right and left gag, but I have
used the same instrument on both sides of the mouth.


